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The history of mountain research is most fascinating. Three names for 3 centuries may give an idea of the growing knowledge about the world's mountains: Horace Bénédict de Saussure, who climbed and studied the Mont Blanc in 1787; Alexander von Humboldt, ever investigating the environment during his attempt to ascend the Chimborazo in 1802; and Carl Troll, who founded the International Geographical Union's Commission on High-altitude Geoecology in 1968. Awareness of the growing impact of human activities on the environment led to scientific and political initiatives at the global level, beginning in the 1970s. The Perth conference in 2010 has offered an opportunity to both look back on these developments and explore the future of the world's mountains in a time of rapidly growing ''global change'' problems and processes.
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Three decisive impulses for the global environment and the world's mountains in the early 1970s
Founded in November 1971, the worldwide program of the United Nations Educational, Scientific, and Cultural Organization (UNESCO) on Man and the Biosphere (MAB) at the time consisted of 14 different projects, covering the world's main ecosystems. Among them, Project 6 was entitled ''Impact of Human Activities on Mountain Ecosystems. '' In 1973 , a small group of experts met in Salzburg, Austria, and under the auspices of several outstanding strategic thinkers of UNESCO created a research concept for this mountain project. In the years that followed, the project provided a great stimulus to overcome the large gap between the natural and the social sciences and to develop methods and models for inter-and transdisciplinary approaches and collaborations (UNESCO 1973; Messerli and Messerli 2008) .
The United Nations (UN) Conference on the Human Environment held in June 1972 in Stockholm-the first conference of the UN devoted entirely to environmental issues-mentioned and confirmed the MAB program under various headings. Although no specific reference to mountains was made, the recommendations in the final declaration were stimulating for subsequent mountain initiatives and conferences. They stated, for example, that ''scientific research and development […] , both national and multinational, must be promoted […] , especially in developing countries''; ''Cooperation through multilateral or bilateral arrangements […] is essential to effectively control, prevent, reduce and eliminate adverse environmental effects''; ''the free flow of up-to-date scientific information and transfer of experience must be supported and assisted''; and ''the natural resources of the earth […] must be safeguarded for the benefit of present and future generations'' (United Nations 1972).
In the same year, the Club of Rome published The Limits to Growth (Meadows et al 1972 (UNESCO 1975) . It would go beyond the scope of this article to discuss all the political difficulties and negotiations that followed until the official inauguration of ICIMOD in Kathmandu 8 years later, in 1983 . Similarly, the foundation of the African Mountain Association and the Andean Mountain Association was preceded in both cases by 3 to 4 years of serious scientific fieldwork before it was possible to organize an international conference and offer an instructive field excursion. This shows that most of these regional initiatives were more or less influenced by the significant recommendations and declaration of the 1972 UN Conference on the Human Environment.
A look at the different forms of organization adopted by the various initiatives is most interesting, as they reveal the different scientific and political ideas from which the initiatives emerged. ICIMOD is an intergovernmental organization, proposed by UNESCO and supported by Germany and Switzerland. It was fascinating to see numerous UN and other international organizations represented at the international symposium and inauguration ceremony in 1983: UNESCO, the UN Food and Agriculture Organization (FAO), the United Nations Environment Programme (UNEP), UNU, the United Nations Children's Fund (UNICEF), the International Union for Conservation of Nature (IUCN), the World Bank, and many others had come to send out a positive signal and raise awareness of the world's mountains (ICIMOD 1984) . The African and Andean mountain associations were scienceand development-oriented organizations that had no permanent secretariat or infrastructure due to a lack of funds. They were the first to produce modern knowledge about mountains in Africa and South America and inspired numerous personal relationships across national borders. However, the lack of a strong organizational structure led to a standstill after 5 or 6 conferences (see Table 1 How important was the impact of the earlier regional initiatives on the 1992 Rio conference and its Agenda 21? Table 1 gives an indication of how many countries were informed about the upcoming ''Earth Summit'' and took part in the preparatory conferences, especially the third one held in Geneva in October 1991. It was overwhelming to meet mountain friends there as scientific or political members of different national delegations, from Nepal, Ethiopia, Peru, and many other countries; they were spontaneously willing to intervene for a special mountain chapter in Agenda 21. The first initiatives for regional cooperation on mountains were thus fundamental in achieving a positive decision on a mountain chapter in Agenda 21, and this success in Geneva was by no way an intervention of Switzerland and the UNU alone. Behind it stood a whole community of persons who were willing to prove that the world's mountains with their resources and ecosystem services have a significant role to play in the context of rapidly growing natural and human-induced ''global environmental change. '' Beginning in the 1990s: global cooperation in science and policy
The 1990s began with a high-level scientific conference in Vienna in November 1991, organized by the International Council of Scientific Unions (ICSU). The aim of this conference on ''An Agenda of Science for Environment and Development Into the 21st Century'' was to prepare the necessary scientific knowledge for the upcoming ''Earth Summit'' in Rio. Mountains found only a marginal mention, in recommendation 40: ''Attention should be paid to integrated regional studies of vulnerability in fragile ecosystems (e.g. in mountains) or where environmental degradation threatens human well-being and capacity to respond'' (ICSU 1992: 10 Research Programme (WCRP), the International Geosphere-Biosphere Programme (IGBP), the international program on biodiversity science (DIVERSITAS), and the International Human Dimensions Programme on Global Environmental Change (IHDP)-started out with no special attention given to mountains. Indeed, it was only several years after the Rio conference that mountains were given their due place in these research programs.
In the years following Rio, the world's mountains gained a new significance based on Chapter 13 in Agenda 21, entitled ''Managing Fragile Ecosystems: Sustainable Mountain Development'' (United Nations 1992), but also owing to the strong mountain intervention 5 years later at the 1997 UN Special Session of the General Assembly ''to Review and Appraise the Implementation of Agenda 21,'' backed up by the Agenda 1998 Agenda , 1999 Agenda , 2000 Agenda , 2001 Agenda , 2002 , well adapted to the Commission's agenda and continuing the series that had begun in the context of Rio and Agenda 21 (Mountain Agenda 1992 Agenda , 1997 Table 3 begins with the Rio conference and Agenda 21. A decade after Rio, however, the two UN conventions on climate change and on biodiversity became much more important to the advancement of mountain issues than the original text of the mountain chapter in Agenda 21, because of the growing significance of ''climate change'' for mountain water resources and of ''biodiversity'' and ''ecosystem services'' for both mountain and lowland populations (see also Figure 1 ). Table 3 showcases an impressive series of UN conferences, resolutions, international years, and conventions, all more or less related to the world's mountains. In this connection it must be acknowledged that the Swiss Agency for Development and Cooperation (SDC), and partly also the Swiss National Science Foundation (SNSF), advised and supported all mountain interventions and initiatives shown in Tables 2 and 3, from The year 2012 and its significance for the world's mountains
The global UN conferences in Stockholm in 1972, Rio in 1992, and Johannesburg in 2002 had enormous impacts, not only on the development of scientific and political ''global change programs,'' but also on a wide range of mountain initiatives at the regional, national, and local levels. This indicates that 2012, with two important global events, might again have a fundamental effect on the entire decade and beyond.
The first of the two major events is the ''Planet under Pressure'' scientific conference, scheduled for 26-29 March 2012 in London. Unlike the 1991 Vienna conference, it is organized not by ICSU alone, but jointly with the four global research programs on global change. The 4-day conference will cover the following topics: ''State of the planet,'' ''Options and opportunities,'' ''Challenges to progress,'' and ''Ways ahead: A vision for 2050 and beyond.'' One session will be devoted specifically to mountains: ''Mountains as arenas for adaptation to global change,'' chaired by representatives of UNESCO, the MRI, the Centre for Mountain Studies in Perth, Scotland, the Centre for Development and Environment of the University of Bern, Switzerland, and Makerere University, Uganda; several other sessions will be addressing mountain issues as well. Overall, the conference is intended to explore new partnerships and pathways towards global sustainability. Special attention will also be paid to the inclusion of the social sciences, as well as to regional environmental change as a major issue requiring regional and decadal prediction and advanced observation systems (ICSU 2010).
The second major event scheduled for 2012 is the United Nations Conference on Sustainable Development (UNCSD), also known as ''Rio+20,'' to be held-once again-in Rio de Janeiro, on 20-22 June 2012. It will focus on two themes: ''Green economy in the context of sustainable development and poverty eradication'' and ''Institutional framework for sustainable development.'' The second theme is a continuation of the 2002 Rio+10 conference in Johannesburg, also known as the ''World Summit on Sustainable Development'' (WSSD). The first theme focuses on a new development, which makes it harder to grasp. Among the numerous draft papers one finds explanations that underline the following aspects: a green economy and economic growth, clean technology, renewable energy, and conservation, but also water resources, food production, forests, tourism, transport, building, and others. The detailed conference program is not yet available, but there will certainly be ample possibilities for strategic interventions concerning mountain research and development (see the box on highland-lowland interactions in Figure 1 ).
Regional cooperation and a solid knowledge base for sustainable development Figure 1 positions sustainable mountain development within a conceptual framework for discussing management of fragile ecosystems; it has been given the same title as the mountain chapter in Agenda 21. The three boxes in the upper part of the figure show the traditional conceptual framework for research and development in mountain areas. They are connected to the box representing highland-lowland interactions in the lower part of the figure, which lists several important strategic topics for the upcoming London and Rio conferences and beyond. The three boxes in the upper part represent natural (left) and human (right) driving forces, connected by mountain ecosystems (middle) as a reflection of natural and human impacts. The components of these boxes represent the possible combinations of natural and humaninduced environmental changes on local, national, and regional scales, stimulating inter-and transdisciplinary research, although disciplinary studies will remain highly significant. All these natural and human components must be adapted to the special situation of each mountain system. Two things, however, are of overriding interest: well-functioning regional cooperation and a solid knowledge base in times of global change. Every mountain system needs one or several knowledge centers to ensure continuous exchange of data and observations from the regional to the global and from the global to the regional levels (Messerli 2006) . Upscaling and downscaling of scientific knowledge and development experiences is most important, and this requires a wellfunctioning communication system.
An efficient regional and global communication system is fundamental
Over the last decade, the flood of mountain information has increased to a level that is no longer manageable. Mountain Forum, Mountain Policy: Beyond Perth 2010 Partnership, regional mountain centers, and specific mountain programs (Tables 2 and 3) are producing newsletters, newsflashes, press releases, reviews, announcements, and other communications with no coordination between them. One global voice and many regional and thematic voices are urgently needed. Messages of global significance from regional centers or specific mountain programs should be carefully selected and disseminated by one single global voice, even if overlaps cannot always be avoided. FAO, as the lead agency for mountain issues within the United Nations that prepares General Assembly mountain resolutions based on biennial reports to the Secretary-General, should also coordinate global communication on mountain issues. At the same time, however, every region, every scientific program, and every mountain organization must have the freedom to create its own communication system. The biennial FAO reports could function as a summary of processes and progress in science and policy related to ecology and economy, adaptation to climate change, and natural resources in the different mountain regions, as a basis for rethinking the long-term strategy for research and sustainable development in the world's mountains.
Some strategic ideas for Rio+20 and beyond
In Figure 1 , each box ends with one or two keywords followed by question marks. These keywords indicate some strategic ideas for Rio+20 and beyond. For example, ''Value of natural resources?'' points to the need for more research on the value of mountain resources, especially to the adjacent lowland populations and their land use, and in the context of urbanization and industrialization processes. This could be of special interest for the three strategic issues of ''Water for a growing population, for food production, and for renewable energy,'' ''Biodiversity and ecosystem services,'' and ''Recreation, conservation, and protected areas.'' In line with recent recommendations by the IHDP, it would be fascinating if some results could be expressed as monetary values (IHDP 2011) . This would have an enormous effect on political authorities in particular and on mountain policy in general.
For example, it would be interesting to calculate the value of agricultural production by irrigation in different lowland areas around the Himalaya. Combining these results with precipitation and discharge data, we could calculate the specific mountain contribution compared to precipitation and discharge in the lowlands. If mountain resources made it possible to enlarge irrigation areas and increase production in the lowlands, what would the monetary value of the additional production be, and what would this mean for food security? Another interesting question is that of the additional value contributed by mountain areas in terms of clean energy production and its significance for urbanization and industrialization. Focusing on these questions also raises the issue of compensation: careful management of mountain ecosystems, clean water, sufficient forest cover, high biodiversity, protection against extreme events, and similar services can no longer remain the sole responsibility of poor mountain populations. A dialogue between science and policy is the necessary basis for a changing mountain policy and for a new understanding of mountain resources. Let us not forget the UN Population Office's projection that the combined populations of China and India will reach about 3 billion people by 2050-the same number that constituted the entire world population in 1965. What does this imply with regard to the significance of mountain resources for lowland populations in the second half of the 21st century?
The top middle box in Figure 1 raises the question of long-term preservation of mountain cultural landscapes as a treasure for future generations. Today, many of these landscapes are endangered-by poverty, emigration, and overuse of natural resources in the developing world, and by urbanization and tourism with its winter and summer activities in the developed world. The top right box representing the human components raises not only the many difficult questions related to long-term sustainable development but also issues of security in connection with poverty, food shortages, conflicts, and even warfare.
All these reflections come together in the bottom box representing highland-lowland interactions. The strategic focus issues listed here cannot be discussed in detail in the context of this article, but it is important to emphasize once more the significance of regional and transboundary cooperation at the interface of science and policy (see also IHDP 2011), especially in a time of climate change and potentially increasing frequency of extreme events. The scientific knowledge about climate change in the monsoon belt in particular and in the tropicalsubtropical zone in general is not yet satisfactory, and the existing knowledge gaps harbor many uncertainties for sustainable mountain development. Understanding resilience is not easy, and the definition of adaptation and mitigation measures is demanding (Figure 1) . Finally, taking into account mountain resources such as ''water towers,'' biodiversity treasures, unique places for recreation and conservation, and many others, we are confronted with the problem of compensation and well-being of mountain populations. Highlandlowland interactions cannot be a one-way process in favor of lowland populations (UNECE and Water Convention 2007) , and lowlandhighland compensation needs to be considered as an important topic in mountain policy. Without such a Policy: Beyond Perth 2010 compensation mechanism, it will not be possible to achieve sustainable mountain development and the wellbeing of mountain people.
